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Title of Invention: VEHICLE BRAKE SAFETY SYSTEM APPARATUS 
AND METHODS 



Inventors: G. David MacGregor, of Cascade, Idaho; 

Noble Hamilton, of Cascade, Idaho; and 
Dale Maslonka, of Horseshoe Bend, Idaho. 



DESCRIPTION 



This application is a continuation-in-part of prior, co-pending application Serial Number 
09/521,824, filed March 9, 2000, entitled "Apparatus and Methods for Automatic Engagement 
and Locking of Vehicle Air Parking Brake/' which is a continuation-in-part of prior co-pending 
application Serial No. 09/108,863, filed July 1, 1998, and entitled "Automatic Air Parking 
Brake Lock," which applications are herein incorporated by reference. 



BACKGROU ND OF THE I NVE NTI ON 

FIELD OF THE INVENTION. 

This invention generally relates to braking systems for vehicles. More particularly, this 
invention relates to a control system for automatically applying and "locking" a vehicle brake in 
an applied condition during times when it is not safe for the vehicle to move. The invention may 
be adapted for use with brakes of various types, for example, air parking brakes or mechanical 
parking brakes, or by adapting a hydraulic "application" brake, an air "application" brake, or an 
electric brake to serve as a parking brake. The automatic application and locking of a vehicle 
brake may be actuated by signals fi:-om various sensors/switches inside and outside the vehicle. 
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RELATED ART. 

Commercial and public transportation vehicles typically utilize the following types of 
conventional brakes: 

1) Air parking brakes utilize an air-controlled spring system that cooperates with the 
brake shoes of a vehicle's back wheels. Air parking brake systems exist in commonly-used 
commercial vehicles, such as trucks, commercial buses, or school buses. The air parking brake 
system comprises an air source, the spring mechanism, and an air control valve called an "air 
loading valve" between the air source and the spring mechanism. The air loading valve is 
controlled only by a manual handle, which is in the vehicle cab on the dashboard or in other 
positions accessible to the operator. The loading valve manual handle works in a "Pull To 
Apply" and "Push To Release" manner. Pulling the handle closes the air loading valve, whereby 
air pressure from the air source is blocked and downstream air pressure is vented so that the 
springs move to a position that applies the brake. Pushing the handle opens the air loading valve 
and closes the vent, whereby air is supplied to the spring mechanism so that the springs move to 
a position that releases the brake. 

2) Air application brakes , sometimes called "foundation brakes," are the conventional 
means, in vehicles with air brakes, to slow and stop the vehicle, for example, during normal "stop 
and go" driving. The "air application brakes" are operated by a foot-actuated air control valve, 
which allows incremental application of the brakes depending on how far the operator has pushed 
on the foot pedal. 

3) Mechanical parking brakes utilize a mechanical linkage or a cable, to operatively 
connect a manual handle in the vehicle cab either to brake shoes at the rear wheels, or to external 
brake bands or internal brake shoes working with a brake drum mounted on the drive line. The 
manual handle is typically either a pull-on hand-operated handle, or a push-on foot-operated 
pedal. 

4) Hydraulic "application" (or "foundation") brakes are the conventional means, in 
vehicles with mechanical parking brakes, to slow and stop the vehicle during normal driving. A 
hydraulic application brake system typically comprises a master brake cylinder for applying 
hydrauhc force to brake shoes at the wheels, and a manual foot-pedal for actuating the master 
cyhnder. Pushing on the brake pedal causes the brake cyhnder to increase the fluid pressure in 



the line to the brake shoes at the wheel, which inhibits the rotation of the wheel to a incremental 
amount depending on how far the operator has pushed on the brake pedal. When the pedal is 
released, the master cylinder retracts to reduce or eliminate the pressure in the brake line, 
disengaging the brake shoe pads from contact with the brake drum and thereby allowing 
unhindered rotation of the wheel. Hydraulic appUcation brakes are used in most family cars, 
sport utility vehicles, pick-ups, vans, and larger vehicles such as some school buses. 

Regarding Vehicle Movement during TTnsafe C onditions 

Conditions may exist in or around a vehicle that make it unsafe for the vehicle to be in 
motion. Conventional safeguards against vehicle movement when such a condition exists are 
inadequate, at least in part because the safeguards typically depend on the driver taking 
appropriate action. This invention, without requiring driver action or involvement, automatically 
detects such conditions and automatically apphes or locks the brakes, thereby preventing 
potentially unsafe vehicle movement. 

Vehicle movement when conditions exist that potentially make such movement unsafe 
are generally the result of (1) the driver's failure to properly apply or engage the parking brake or 
apphcation/foundation brake system, (2) a third party's intentional release or interference with 
the parking brake, or (3) the driver's failure, whether intentional or inadvertent, to detect and/or 
react to conditions which may make vehicle movement unsafe. 

Examples of potentially dangerous conditions where movement of a vehicle may be 
unsafe include but are not Umited to the following: 

• A driver leaves a vehicle, or is otherwise not in a position to safely operate 
the vehicle and fails to properly set the parking brake. 

• A driver attempts to put a vehicle in motion when people are attempting to 
enter or leaving the vehicle. 

• A driver attempts to put a vehicle in motion with a door open, wheel chair 
ramp in use, luggage compartment unlatched, or other equipment similarly 
not in a safe operating mode. 

• A driver puts a vehicle in motion when an object is in close proximity 
creating the potential for a coUision. Examples include a driver failing to 



notice a pedestrian stepping in front of a bus or a child playing behind a 
parked car, 

• A driver's abihty to recognize the existence of an unsafe condition is 
impaired. Examples include radio noise masking the warning whistle of a 
train at a railroad crossing, a driver who is intoxicated, or a passenger who 
has not fastened safety restraints. 

• A vehicle that is approaching too close to an object, such as a truck 
backing up to a loading platform. 

• A vehicle with equipment that has failed or is not within acceptable safety 
ranges, such as loss of tire or oil pressure. 

• An unauthorized driver is attempting to move or steal the vehicle. 

Patent T.I terature 

There are instances of parking brake locking systems in the patent hterature, but none are 
as effective and safe as that of the present invention. None of the prior art locking systems 
includes the comprehensive safety features of the present invention. 

There are inventions for the automatic engagement of parking brakes upon the turning off 
of an ignition or engine key switch. U.S. Patent No. 5,624,352 {Smale) discloses an "ignition- 
controlled parking brake interlock " This lever and latch interlock invention is activated by 
turning off the vehicle ignition key. U.S. Patent No. 5,675,190 (Morita) discloses an ''operating 
apparatus for parking brake and method for releasing parking brake." The Morita invention uses 
a combination of the vehicle ignition key switch, with ON-OFF positions, and a three-way 
parking brake switch with ON-OFF-RESET positions, to engage the parking brake. A drawback 
of the Morita invention is the complexity incumbent in the use of its multiple switches. 

U.S. Patent 4,519,653, issued to Smith, discloses an anti-theft lock device, which includes 
a solenoid for attachment to the outer end of a conventional loading valve. When de-energized, 
the solenoid moves a lock member into the path of the valve actuating member of the 
conventional loading valve, physically blocking the actuating member so that it cannot be pushed 
in to disengage the parking brake. If the conventional loading valve has been disengaged prior to 
de-energizing of the solenoid, then the solenoid and its lock member are ineffectual, in that the 



lock member merely slideably contacts the side of the valve actuating member in a non- 
interfering relationship, and, hence, does not apply the brake or have any effect on the brake. 
Thus, the Smith device may be used as an anti-theft device, after the driver has manually pulled 
on the brake and turned off the ignition, but it does not have the automatic emergency safety 
5 features of the present invention. 

Brooks, U.S. Patent 5,553,795, illustrates a safety system with seat and door control. 
Brooks includes circuitry that places a weight-sensor switch in the driver's seat assembly parallel 
with door switch circuitry. This way, if the driver is absent from his/her seat and the door is 
open, the circuit is opened and a solenoid in the air hne to the brakes closes. If the driver is in 
10 his/her seat, the circuit stays closed even if the door is open, or, if the door is shut, the circuit 
stays closed even if the driver is out of the seat. 

Green, UK Patent Apphcation GB 2 265 679, discloses an apparatus which has a 
C3 multiple-position switch, which, in a first position, de-energizes a solenoid valve to block air to 
^1 the brakes, and, in a second position, also cuts off electricity to the engine starting system and 
15^ ; cuts off fuel supply to the engine. 

J Therefore, some inventions exist for the control of brakes for safety and theft-deterrence, 

Is, but there is still a need for a versatile, reliable system that is compatible with various types of 
^ existing brake technology. There is still a need for a comprehensive automatic brake control 
system to prevent vehicle movement during potentially unsafe conditions at various stations 
2(i^ inside, outside, or around the vehicle, and to better inform the vehicle operator of the potentially 
^■^ unsafe conditions. There is a need for a control system that automatically applies a brake and 
"locks" it in the "on" condition throughout the duration of potentially unsafe situations, and that 
also prevents automatic setting of the brake while the vehicle is traveling. There is a need for 
such a control system that does not require driver action or involvement, but that does allow an 
25 authorized driver to override the automatic systems under some circumstances. The present 
invention meets these needs. 
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STTMMARY O F TMF TNVKNTTON 



The present invention is a brake control system that automatically detects potentially 
unsafe conditions and then enhances safety by automatically applying a brake and maintaining 
5 the brake in the applied position ("locking the brake") and/or by controlling other equipment. 
An object of the present invention is to provide an automatic control system that requires little 
driver action or involvement. An object of the invention is to enable sensors to detect the 
potentially unsafe conditions in or around the vehicle, to automatically alert the driver to the 
existence of such conditions through visual and or audio or other means, and, when appropriate, 
[0 to automatically control the brakes and/or other equipment. Potentially dangerous conditions 
may include, for example: 1) equipment-related conditions such as a driver exiting the vehicle 
without applying the parking brake or without turning off the vehicle; operating a disabled 
f a person's lift; passengers entering and exiting the vehicle; engine or other vehicle malfunctions 
1% detected by diagnostic sensors; or a driver being distracted by radios, cell-phones, or monitor 
isril screens; or 2) undesirable- or dangerous-driver-related conditions such as a driver failing a breath 
V i alcohol test or an identity test. Other objects of the invented control system may include 
Y'^ preventing the brake from being automatically set while the vehicle is moving, and allowing a 
s driver to override the automatic control system during some circumstances. 
I* As a result of these and other objects of the invention, the invented system allows a 

2(£y vehicle operator to focus more on safe driving and vehicle operation, whether traveling or parked, 
i i and on the surrounding conditions, rather than on repeated manual operation of the parking 
^ brake, and repeated checking of the parking brake handle position. With fewer distractions, and 
fewer responsibilities for accidental misuse or release of the parking brake, the vehicle operator 
can perform his/her job more safely. Further, elimination of the frequent pulling and pushing of 
25 the parking brake manual handle may reduce carpal tunnel syndrome in veteran drivers. 

The invented control system comprises a "management mechanism" for applying a brake, 
a confroUer with the logic that decides when the brake should be applied and that electronically 
actuates the management system to apply the brake, and various circuits and sensors for linking 
the controller to the various stations inside, outside, and around the vehicle. The invented 
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controller may be used with a variety of existing brake systems, by adapting the management 
mechanism for the particular type of brake system being used. 

In vehicles containing an air parking brake, the invented controller preferably controls a 
vented solenoid valve that replaces the conventional loading valve in the air line to the spring 
5 mechanism. 

In vehicles containing a hydraulic apphcation brake system and a mechanical parking 
brake (either wheel brakes or drive line brakes), the invented control system may be adapted for 
either the hydraulic apphcation brake system or the mechanical parking brake. When adapted for 
the hydraulic application brake system, the invented management mechanism may be of two 
10 general types: 1) an air, hydraulic-oil, spring, or other actuator that causes the master cylinder to 
apply the brake; or 2) a pressure generator that is "inserted" between the master cylinder and the 
brake mechanism and that creates pressure in the brake fluid line to apply the brake. After either 
£ Jf type of management system is installed in a hydraulic brake system, the adapted brake system 
- J then serves double duty as a "hydraulic parking brake" as well as a hydraulic application brake. 
15 z When adapted for the mechanical parking brake system, the invented management 

'^4 mechanism operatively connects to the mechanical brake linkage, such as a brake cable. The 
Li management mechanism may be, for example, apparatus for air-actuation, hydrauhc-oil 
^ actuation, spring-actuation or electric-actuation of the mechanical brake hnkage. 
1^ The various circuits, sensors, and switches included in the invented control system 

2Q h automatically 1) sense conditions, of one or more "stations" in or around the vehicle, that are 
l£ potentially dangerous if the vehicle moves and 2) automatically signal the controller, which 

decides whether or not to "trip" the management mechanism to apply the brakes. Such "stations" 
may be vehicle components, such as the ignition system, the vehicle main door and/or an 
emergency door, a wheelchair lift, a dump truck bed, a delivery vehicle door, a trailer, a crane 
25 boom, outrigger, seat belts, a pressure-sensing operator's seat sensor, tire pressure sensor, engine 
oil pressure sensor, emissions sensor, air bag sensor, or other vehicle or engine diagnostic sensors 
that sense and signal the controller when conditions are outside of the normal operating range. 
Other "stations" may include equipment, objects, or location of people outside a vehicle, for 
example, that are positioned too near or moving too near to the vehicle in a street, parking lot. 
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loading dock or warehouse. Other "stations" may include test units for driver condition or 
desirability, such as a breath analyzer, a voice analyzer, or an access-code key-pad, for example. 

In general, signals from the various "stations" inside, outside, or around the vehicle to the 
controller are created by sensors or switches being actuated by the movement of, or the position 
5 of, equipment or people, and this actuation signaling the controller, for example, via sensor 
circuits or other electric or electronic means or other transmission. 

In some cases, actuation of the sensor or switch at a particular station comprises interruption, 
either the positive side or the negative/ground side, of the controller circuit including the 
particular sensor or switch. Various means of switching/sensing may be used, for example, 
10 conventional electrical contact, sound-switching, Ught-emitting-switching, magnetic-switching, 
fluid, pressure, radar, sonar, microwave, or any other conceivable switching or sensing. When a 
sensor or switch, or, alternatively, when a certain combination of sensors or switches, is actuated, 

Q and the controller decides that conditions are appropriate, the controller "trips" the management 

i^i ... 
; J mechanism and the management mechanism appUes the brakes. As long as the condition causmg 

15^lJ the "trip" persists, the brakes remain locked in the applied condition in most circumstances. For 
j example, a switch may be operatively connected to a handicapped lift system, and the switch may 
1 1 be electrically/electronically connected to the invented controller, so that using the Uft opens a 
f circuit to the controller, which trips the management mechanism to apply and lock the brakes. 
U Once the Uft system is not is use, the driver may release the brake. Likewise, a switch may be 
idJi operatively connected to a door, and the door switch may be electrically/electronically connected 
t'^ to the invented controller, so that opening the door breaks its sensor circuit and trips the 

management mechanism to apply and lock the brakes. Once the door is closed, the driver may 
release the brakes. For simpUcity hereafter and in the claims, the term "sensor" may be used to 
indicate any sensor or switch at a "station" that is actuated by conditions at the station to signal 
25 the controller. 

A feature of the preferred invented control system is that loss of power to the 
management mechanism causes it to apply and lock the brake. In the especially-preferred 
embodiments, any time that power is removed from the control module (the "controller"), power 
is also removed from the management mechanism and the brakes are apphed. The positive power 
30 input for the preferred controller is activated by either direct or indirect operation of the ignition 
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switch of the vehicle. Therefore, turning the vehicle ignition to the "OFF" position de-activates 
the controller and the management mechanism to apply the brakes. 

The preferred brake control system also includes a sensor and logic for preventing 
automatic apphcation of the brake if the vehicle is in motion above a certain speed. This feature 
5 of the invented control system may be adapted to interface and cooperate with various designs of 
speedometers, such as magnetic, electrical, or electronic sensor types, or other means for 
measuring vehicle motion or speed. For example, a conventional speedometer magnetic pick-up 
may be used to signal the controller for this purpose. 

The preferred brake control system also includes features that improve operability in 
10 substantially all vehicles, specifically, a signal quahfying circuit and noise suppression fimctions. 

The preferred signal quahfying circuit detects the presence of a constant voltage maintained for a 
minimum duration of time, in order to verify that a signal to the controller is "real," that is, it is 
13 not a signal created by a jiggling of a switch, electric noise or other false signals. Alternatively, a 
H qualifying circuit may also use other measurements, such as frequency, to verify true signals. 
I5^y The noise suppression functions may be affected by a combination of various transient 
"^4 suppression inductors, capacitors, diode and surge protectors. 

P; The preferred brake control system includes a manual brake-releasing override system to 

- override the controller' s application of the brakes, during emergencies and/or at the driver' s 
[I discretion. For example, if the invented controller applies and locks the brakes when the vehicle 
2d^ is still in traffic, the driver may use the manual brake-releasing override to release the brake for 
p enough time to move the vehicle to the side of the road. The manual brake-releasing override 
may include, for example, the driver pushing with a finger on a portion of the spool (SP) of the 
air valve to temporarily allow air through to the spring to temporarily release the brake. 
Alternatively, the manual brake-releasing override may be assisted mechanically or electrically. 
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RRTEF DKSCRTPTTON OF THE PR AWTNGS 



Fig, 1 is a schematic diagram of one embodiment of the prior art showing an air parking 
brake system with the manual handle "pushed-in" to disengage the brake. 
5 Fig. 2 is a schematic of the prior art embodiment of Fig. 1 , showing the loading valve 

closed by the pulled-out manual handle, thereby applying the air parking brake. 

Fig. 3 is a schematic diagram of one simphfied embodiment of the present invention, a 
retrofit solenoid valve connected to the vehicle ignition switch and inserted upstream of a 
conventional loading valve. In Figure 3, the loading valve handle is pushed in, and the ignition 

10 switch is closed to energize the solenoid valve, whereby air is allowed to pass through both the 
solenoid valve and the loading valve to disengage the brake. 

Fig. 4 is a schematic diagram of the simplified retrofit embodiment of Figure 3, shown in a 
^3 brake-applied condition. 

Fig. 5 is a schematic diagram of the simplified retrofit embodiment of Figures 3 and 4 

11 2 showing normal operation of the conventional loading valve, wherein the ignition switch is "on" 
J and the driver has closed the conventional loading valve to apply the parking brake. 

Fig. 6 illustrates one embodiment of a commercial vehicle brake system, indicating 1) the 
r location for installation of the simplified retrofit embodiment of Figures 3, 4, and 5 in dashed lines 
H and 2) the location, in dotted lines, for installation of the original equipment manufacture (OEM) 
2@n; embodiments of the invention, which feature technology that replaces the conventional loading 
w valve. 

Fig. 7 is a schematic diagram illustrating one OEM embodiment of the invention, called an 
"electronic valve," which replaces a conventional loading valve and is electronically connected to 
a plurahty of stations on/around the vehicle. 
25 Fig. 8 is a perspective view of the electronic valve unit of Fig. 7, for installation in a 

vehicle wherein the door switch is on the positive side of the circuitry. 

Fig. 9 is a perspective view of an alternative embodiment of the electronic valve unit of 
Figure 7 for installation in a vehicle wherein the door switch in on the negative side of the 
circuitry. 
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Fig. 10 is a schematic view of an especially-preferred OEM embodiment of an invented 
solid-state controller system for air parking brakes, which is electrically/electronically connected 
to a plurality of stations in/on/aroimd the vehicle. 

Fig.l 1 is a logic diagram for one embodiment of the soHd-state embodiment of the 
invention. 

Fig 12 is a function block diagram for an especially-preferred embodiment of the invented 
brake control system. 

Fig. 13 is a perspective side view of one embodiment of an operator switch for use in a 
solid-state embodiment of the invention, in which the switch is made to fit into the space provided 
for a conventional manual air parking brake handle. 

Fig. 14 is a perspective view of another embodiment of an operator switch for use in a 
solid-state embodiment of the invention, which includes a trailer switch and indicator and a 
plurality of indicators for signaling the status of the various stations around/in the vehicle. 

Fig. 15 is a perspective view of an one embodiment according to the invention of a 
combined controller, operator switch, solenoid-controlled air valve, and low air pressure switch. 

Fig. 16 is a schematic diagram of one embodiment of an invented brake control system for 
adapting a hydraulic apphcation brake to also serve as a parking brake, by using an electronic 
controller according to the invention linked to a mechanical actuator operatively connected to a 
hydraulic master cylinder. 

Fig. 17 is a schematic diagram of another embodiment of an invented brake control system 
for adapting a hydraulic application brake to also serve as a parkmg brake, by using a spring- 
biased mechanical actuator, and an electronic controller according to the invention that controls an 
gaseous or hydraulic fluid brake release mechanism. 

Figures 18 and 19 are schematic diagrams of two embodiments of brake control systems 
for cooperation with a hydrauUc apphcation brake, wherein a controller according to the invention 
controls a pressure generator and valves that are "inserted" between the master cylinder and the 
brake mechanism to create and manage pressure in the brake fluid line to apply the brake. 

Fig. 20 is a schematic diagram of one embodiment of the invented brake control system 
installed on a mechanical brake. 
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DK^riRTPTTON OF THK PRKFRRT^KD KMRODTMENTS 



Referring to the Figures, there are shown several, but not the only, embodiments of the 
invention. Fig. 1 and Fig. 2 depict one embodiment of the prior art, which is the air brake 
apparatus and methodology conventionally used for air parking brakes in commercial vehicles 
such as school buses . Figures 3-5 illustrates simphfied retrofit embodiments of the invention, 
which place a vented solenoid-operated air valve in series with a conventional loading valve in an 
air parking brake line. Figure 6 illustrates placement of 1) the simplified retrofit embodiments of 
Figure 3-5 and also the placement of 2) the preferred (typically OEM) embodiments of the 
invention that replace the conventional loading valve with either a) the "electronic valve" of 
Figures 7-9 or b) the especially-preferred electronic brake control system of Figures 10-20. 
Figures 16-19 depict several embodiments of the especially-preferred automatic brake control 
system for vehicles with hydraulic brakes. 

The especially-preferred brake control system using the electronic controller and described 
in Figures 10-20 adapts a conventional brake system, that is, either a conventional air parking 
brake system, a conventional hydrauhc application brake system, or a conventional mechanical 
parking brake, to serve an additional role as a multi-use safety system. Preferably, the same 
electronic controller is used in all three types of brake control systems. 

As suggested in the Related Art Section and the Summary Section of this Description, the 
automatic systems suppUed by the invented brake control system are vital to safe operation of 
many vehicles, because of the busy, varied, and often stressful tasks that a vehicle operator must 
perform. The invented brake control system is generally constructed under the assumption that 
the vehicle should not move when the ignition is in the "OFF" position, when the driver is outside 
the vehicle, or when an individual is entering, exiting, or very near the vehicle, etc. Also, 
optional features of the invented control system may link parking brake operation to monitoring of 
the drivers identify or sobriety, or may provide for control of other equipment besides the brakes, 
such as the radio. 
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PRIOR ART AIR PARKING BRAKE SYSTEM 

In the prior art in Fig, 1, an air source 2 such as an air reservoir or air compressor supplies 
air pressure to the air parking brake system. This air pressure is conventionally used for the 
vehicle's air parking brakes, as well as the vehicle's air brakes in general. This air pressure is then 
routed through a supply air hose 4 to a loading valve 6. A dehvery air hose 12 routes the air 
pressure from the loading valve 6 to the air parking brake mechanism 100. The loading valve 6 
has an attached valve handle 8 which is mounted on the dash of the vehicle. When the valve 
handle 8 is "pushed" by the vehicle's operator into an inner position, the loading valve 6 is open. 
When the loading valve 6 is open, as in Fig. 1, air is allowed to pass through the supply air hose 4, 
through the open loading valve 6, through the delivery air hose 12, and into the air parking brake 
mechanism 100. Air pressure thus supplied to the air parking brake mechanism 100 overcomes 
the brake spring tension which holds the air parking brake pads 14 against the brake drum 16, 
thereby inhibiting movement of the vehicle's wheel(s). This release of the brake spring tension 
disengages the air parking brake mechanism 100 and allows for free movement of the vehicle's 
wheel(s). 

In the prior art, when the valve handle 8 is "pulled" by the vehicle's operator into an outer 
position, the loading valve 6 is closed. When the loading valve 6 is closed, as in Fig. 2, the air 
source 2 is cut off and air pressure in the delivery air hose 12 and the air parking brake mechanism 
100 is vented through an exhaust vent 10 located on the loading valve 6. This release of air 
pressure from the air parking brake mechanism 100 allows the brake springs located within the air 
parking brake mechanism 100 to retract. This forces the air parking brake pads 14 to press against 
the brake drum 16, thereby applying the air parking brake mechanism 100 and inhibiting 
movement of the vehicle's wheel(s). 

SIMPLIFIED, RETROFIT SOLENOID VALVE 

COOPERATING WITH PRE-EXISTING AIR PARKING BRAKE LOADING VALVE 

A simphfied retrofit embodiment of the invented automatic air parking brake system 11, in 
Figures 3-5, features a vented solenoid valve that is added to a conventional air brake system, as 
a supplement to the conventional loading valve. This simphfied retrofit unit does not include an 
electronic control module but is wired to the ignition switch of the vehicle. When the ignition key 
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switch is turned to "OFF," the solenoid valve is de-energized, which closes the solenoid valve and 
vents the down-stream air line. In the parking brake system 1 1 of Figures 3-5, an air source 2, 
such as an air reservoir or air compressor, supphes air pressure. The air is routed from the air 
source 2 through a supply air hose 4 to a solenoid valve 20. A middle air hose 40 connects the 
5 solenoid valve 20 to a loading valve 6. The loading valve is then connected to the air parking 
brake mechanism 100 through the use of a delivery air hose 12. The solenoid valve 20 is 
electrically groxmded through the use of a ground wire 24 in contact with a ground screw 36. The 
solenoid valve 20 is electrically connected to the vehicle's ignition key switch 30 through the use 
of a connection wire 26. When the vehicle's ignition key switch 30 is closed or "ON", then the 
10 solenoid valve 20 is energized, which means it is "open" to allow air to flow through the valve. 
When the vehicle's ignition key switch 30 is open or "OFF", then the solenoid valve 20 is de- 
energized, "closing" and venting the solenoid valve 20. The vehicle's ignition key switch 30 is 
ultimately connected to the vehicle's battery 32, which itself is grounded 34. 

Fig. 3 shows automatic air parking brake system 1 1 during normal driving with the 
15 f [J parking brake off The ignition key switch 30 is "ON", energizing and opening the solenoid valve 
20. The manual parking brake handle 8 is pushed into an inner position on the dashboard 9, so 
£fi that the loading valve is open. When in this configuration, air pressure is allowed to travel from 
I the air source 2, through the supply air hose 4, through the open solenoid valve 20, through the 
f ' middle air hose 40, through the open loading valve 6, through the delivery air hose 12, and to the 
20 fy air parking brake mechanism 1 00. Within the air parking brake mechanism, this air pressure 
7^ overcomes the brake spring tension biasing the air parking brake pads 14 towards the brake drum 
^3 16. Thus, moving the pads 14 away from the brake drum 16 results in "disengagement" of the air 
parking brake, thereby allowing for free movement of the vehicle's wheel(s). 

Fig. 4 shows automatic air parking brake system 1 1 when the vehicle's ignition key switch 
25 30 is open or "OFF", thereby de-energizing and closing the solenoid valve 20, When in this 
configuration, air pressure within the solenoid valve 20 and within the middle air hose 40 is 
vented through the solenoid valve exhaust vent 22. Air pressure within the loading valve 6, within 
the delivery air hose 12, and within the air parking brake mechanism 100 is vented through the 
loading valve exhaust vent 10 of the closed loading valve 6. This release of air pressure allows 
30 the brake mechanism 100 to "engage", that is, allowing the brake springs 15 to retract, thereby 
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bringing and holding the brake pads 14 into contact with the brake drum 16 and inhibiting 
movement of the vehicle's wheel(s). 

In Figure 4, the manual handle 8 is shown in the "pulled" position, and the loading valve 
is closed. This loading valve position may result from either of two cases. If the vehicle operator 
pulls the handle 8 before turning off the ignition switch, the loading valve closes and vents. Or, if 
the ignition switch is turned off first, the solenoid valve 20 lowers the pressure directly upstream 
(in middle hose 40) of the loading valve, and this lowering of pressure automatically "pops" or 
closes the loading valve. This is due to the loading valve being designed to be fail-safe by 
releasing pressure on the brake springs and thereby applying the parking brake in the event of an 
air source failure. Depending on the particular design, the loading valves are designed to 
automatically close when upstream pressure drops below about 60 psi, for example. 

Fig. 5 shows automatic air parking brake system 1 1 when the vehicle's ignition key switch 
30 is closed or "on", so that the engine is running, but the parking brake is applied. The solenoid 
valve 20 is energized and open, pressurizing middle hose 40, The loading valve is closed, with 
the handle 8 in the "pulled" position. When in this configuration, air pressure within the loading 
valve 6, within the delivery air hose 12 and within the air parking brake mechanism 100 is vented 
through the loading valve exhaust vent 10. This release of air pressure apphes the brake 
mechanism 100, In Figure 5, the position of the loading valve may be for two reasons, both of 
which result in the safe condition of brake engagement. First, Figure 5 may represent the situation 
in which the vehicle has been restarted after being parked and turned off, and the engaged parking 
brake has not yet been released by pushing in the handle 8. Also, Figure 5 may represent the 
situation in which the operator is parked and idling the engine, but has purposely apphed the 
parking brake by pulhng out the handle 8, In either case, if the operator tums off the ignition 
switch, the actuator system will go into the mode shown in Figure 4, in which the solenoid valve 
20 maintains a low pressure upstream of the loading valve and maintains it in a closed position. 

Embodiments such as shown in Figures 3-5 are well adapted to be retrofit into the air 
brake system of an existing commercial vehicle, for example, those which have a brake diagram 
similar to that shown in Fig. 6. The location for retrofit of the solenoid valve 20 into the 
conventional parking brake system is marked in Fig. 6 with dashed lines. Such a system 1 1 
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does not disrapt or lower the integrity of the main (driving) brake system, as it is installed in 
lines separate from the main system. 

"ELECTRONIC SOLENOID VALVE" REPLACING CONVENTIONAL LOADING VALVE 
AND CONNECTED TO A PLURALITY OF STATIONS 

An embodiment of the invention is shown in Figures 7-9, which comprises what the 
inventors call an "electronic solenoid valve" in place of, rather than in series with, the 
conventional aid loading valve. The electronic solenoid valve is operatively connected to a 
plurality of stations in/around the vehicle, including the ignition switch, to prevent movement of 
the vehicle during potentially unsafe conditions. This system 100 includes an electronic 
solenoid valve xmit 102 that includes both air blocking and air venting functions, and that 
includes control electronics operatively hnked via various circuits to the plurality of stations 
in/around the vehicle. Preferably, as represented schematically in Figure 7, the various circuits 
include a circuit 104 that cooperates with the ignition switch 30 generally as described above for 
system 1 1, 1 1' , a circuit 106 that cooperates with the wheelchair Hft 107 so that the parking 
brakes will automatically be engaged when the lift is used, and a circuit 108 that cooperates 
with the passenger and/or driver door 109 so that the parking brakes will automatically be 
engaged when the door or any of a plurahty of doors opens. The door switch for this station 
circuit is located at or near the door, and is preferably the same switch that is conventionally 
installed on the door for connection to the dome hght. In the case of the wheel chair lift, a 
circuit is routed between the unit 102 and the lift, with a switch located at an appropriate 
position in/near the hft equipment to sense the hft being in any but its stowed, unused position. 

Preferably, system 100 also includes operator switch 1 10, such as an on/off rocker 
switch or other switch, mounted on the dashboard or other convenient control center location 
in/on the vehicle, which allows the driver to manually set the parking brake to a "park" position 
and to manually release the parking brake to a "drive" position, once safe conditions resume. 
Such a switch 1 10 replaces the conventional manual push/pull handle in the vehicle cab, and 
may include Ughting or flashing options to remind the driver of the status of the electronic 
solenoid valve, for example, that the brake is set. 
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Figure 8 illustrates one embodiment of the electronic solenoid valve unit 102. The unit 
102 includes a solenoid valve 112 with an air line blocking valve function and a venting 
function. The blocking valve function is closed and the venting function is open when the 
circuits to the ignition and each station are completed. The unit 102 includes a body 114 with 
an air inlet port (on hidden side of body 1 14 in Figure 8), an air outlet port 1 16, a vent port (on 
hidden side of body 1 14 in Figure 8) and internal passages cooperating with the solenoid- 
actuated internal valving. The electronics of the this electronic solenoid valve unit 102 include 
a timer 120 and a relay 122 electronically communicating with solenoid valve 112. Wires are 
shown schematically on Figure 8, as follows, for a unit 102 installed in a bus wherein the door 
switch is on the positive side of the circuitry: 130 wire from door switch; 132 wire from timer 
to relay; 134 wire from relay to solenoid ground; 136 wire to ground; 138 wire to ground; and 
140 wire from ignition switch. 

In this Figure 8 embodiment, the timer may be preset by means of an adjustor 142 with a 
delay time, so that, once the door is opened and remains open more that the present delay time, 
a signal is sent to the relay and, hence, to the solenoid so that the solenoid blocks the air supply 
and vents air pressure from the line to the brake. Such a timer system may be used to prevent 
vmwanted setting of the brakes when a 'Talse" signal is received from one of the stations, for 
example, when the door is opened only for a few seconds, or when the door switch bounced 
"open" for a fraction of a second. The predetermined delay time is set, preferably at the factory, 
as an amount of time the door must remain open before the unit acts to apply the brakes. This 
delay time is typically set in the range of 0.5 - 10 seconds, but may be set at zero time or at 
higher amount of time. Most preferably at 4-5 seconds for city busses and 0.5 - 1 seconds for 
school buses, so that a quick opening and closing of the door does not trigger the system. 

In Figure 9, the solenoid unit 102 comprises the same elements as the unit 102 of Figure 
8, except that it is wired to cooperate with bus wiring in which the door is on the negative side 
of the circuitry. This schematically-shown wiring may be described as follows: 150 wire from 
ignition to timer and to solenoid; 152 exciter wire from timer to relay; 154 door switch wire; 
156 ground wire from solenoid to relay; and 158 ground wire. The embodiment of Figure 9 
operates generally the same as the embodiment of Figure 8, except, as may be understood by 



17 



one skilled in the art, the wiring is altered dependent on the wiring of the vehicle into which it is 
installed. 

Thus, with the embodiments of Figures 8 and 9, there must be at least two conditions 
met to allow the "electronic solenoid valve'' to supply air to the brakes, that is, the ignition must 
be "on" and the door must be closed. Fig. 10 is a schematic diagram of a commercial vehicle 
brake system, indicating the location for installation of the embodiment of Figures 7 -9, 

Additional features may be included to match the electronic solenoid valve unit of 
Figures 7-9 to an individual vehicle's wiring design. In order to prevent an accidental 
engagement of the parking brakes when the driver or other party turns on the dome Ught, which 
is normally connected to the door switch to turn the dome Ught on when the door opens, the 
units of Figure 8 and 9 should be used with a diode installed in the line between the dome light 
and the door switch. This way, the system is wired so that turning on the vehicle dome Hght 
does not trip the unit 102 in the same way that opening the door does. An air pressure failsafe 
system is preferably also included in the invented electronic solenoid valve system for each 
vehicle or trailer. When air supply pressure drops below 35 psi for any reason, the unit 102 trips 
to the brake-engaged position. This way, if the air supply is disrupted due to damage or 
malfunction, the brakes go to the safest condition. 

Preferably, an analogous electronic solenoid valve system may be used according to the 
invention for an air parking brake system for the trailer of a tractor-trailer vehicle, or for air 
parking brakes in any vehicle or equipment. In such a system, an electronic solenoid valve unit, 
such as described above, is installed as preferably the sole blocking and vent valve in the trailer 
parking brake air line. The electronic solenoid valve unit is electronically connected to the 
tractor (truck) ignition switch, so that the trailer parking brake engaged and is locked in the 
engaged condition when the tractor engine is turned off. Also, the solenoid valve unit is 
electronically connected to a second switch in the tractor cab that allows the driver to manually 
set the trailer parking brake to a "park" position and to manually release the trailer parking 
brake to a "drive" position either after he/she has set the brake or after the electronic solenoid 
valve unit has tripped the brake into engagement. Optionally, the trailer parking brake 
electronic solenoid valve unit may include circuits and electronics that operatively connect to 
other stations on the trailer or even on the tractor. For example, a circuit may be included to the 
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back door of a cargo van, so that the parking brake is applied and locked whenever the van door 
is open. Preferably, the operator switch for the trailer solenoid valve unit is separate but side- 
by-side on the dash board with the tractor parking brake operator switch. 

ESPECIALLY-PREFERRED, SOLID-STATE BRAKE CONTROL SYSTEMS 

Sohd-state brake control systems are especially preferred embodiments of the invention, 
as they may include many safety features and many data ports for sensing conditions at various 
stations in and around the vehicle. An example of a solid-state brake control system, according 
to the invention, includes a solenoid valve, a sohd-state controller, and an operator control 
switch mounted in a chosen convenient position. These three main components are operatively 
and electrically/ electronically connected to perform the required and desired methods of 
applying and locking a parking brake. Preferably, the invented control system should be 
comphant with all required Federal Motor Vehicle Safety Standards and compatible with the 
existing brake and ABS brake systems. One solid-state brake control system is described 
below: 

Given the description and drawings contained herein, one skilled in the art may see how 
a brake control system including a solenoid valve unit 160 with a sohd-state electronic 
controller 162( Figure 10) may have advantages over the unit 102 (shown in Figures 8 and 9). 
The controller 162 is designed to receive and process the signals from a plurality of 
sensors/switches at the various stations, and, appropriate, to signal the management systems that 
manage either air, brake fluid, hydrauUc fluid, mechanical, or electric devices to cause 
appHcation of the brakes. For example, in air parking brake apphcations, the management 
mechanism is a solenoid valve that closes and vents; in hydraulic brake applications, the 
management mechanism is the pressure generator and associated valving that is inserted 
between the master cylinder and the brake mechanism, or an actuator that causes the master 
cyhnder to create pressure; or, in a mechanical brake application, the management mechanism is 
an air, hydraulic, spring, or other unit that connects to and operates the mechanical Imkage to 
the brake mechanism. 



19 



The controller 162 is operatively, and preferably also physically, attached to the 
management mechanism. Altematively, the controller 162, solenoid 160 , and operator switch 
163 may be separate structures electrically/electronically connected. 

The controller 162 may be a printed circuit board, which may include some imbedded 
microprocessor chip(s), or may be a substantially microprocessor design. The printed circuit 
board and/or microprocessors may be manufactured according to conventional circuit board 
and/or chip manufacturing techniques once the invented apparatus, circuits, and methods 
described and drawn herein are understood. Optionally, the controller may include memory to 
record the control events that take place over time, for example, to create a safety record or 
operator driving performance record. 

Preferably, the operator switch includes manual switch buttons that are referred to herein 
and in the drawings as either "actuate" and "deactuate" switches or buttons, or "brake locked" 
and "brake released" switches or button. Preferably, the operator switch also includes indicator 
lights and labels for each station, indicating which station is causing the engagement of the 
brakes. See, for example, the operator switches of Figures 13 and 14. Figure 13 illustrates an 
operator switch which replaces the conventional manual brake knob that operators have used for 
so long. Figure 14 illustrates a more complete operator switch, of the type that may include, for 
example, rows of LED Ughts labeled "Door," "Lift," "PTO/Aux," "Spare," etc, positioned near 
the "activate/deactivate" switch, which is discussed below, and an optional trailer brake control 
and indicator hghts. Optionally, liquid crystal, TV, or monitor technology may be used to 
provide text, symbolic, or other indicia or visual representations to educate the driver or other 
observer about the existing conditions. 

Optionally, the controller 162 may be placed inside the operator switch body, providing 
a compact combination controller-switch- valve unit as is illustrated in Figure 15. The 
combined unit shown in Figure 15 includes operator switch 200 which encloses a 
microprocessor controller 162 inside its body. The switch 200 operatively connects to a 
solenoid-controlled air valve (solenoid portion 220 and air valving portion 230). A low pressure 
switch 240 is shown attached to the side of the air valving portion 230. 

Preferably included in the solid-state embodiment are the following features, described 
for an air parking brake embodiment: 
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1 . The solenoid employed in this design places the vehicle air-disengaged/spring-engaged 
parking brakes in the applied position whenever the solenoid is not energized, that is, 
when current is not passing through the solenoid coil from the control unit. 

2. The controller is designed so that, upon the vehicle ignition being turned on, the 
controller automatically powers up in a state in which the brakes are locked. Thus, the 
system does not require any manual appUcation of the brakes by the operator when the 
vehicle is first started. A red indicator light 171 shows that the brake is appUed when 
the vehicle starts up. 

3. Releasing the brake may be done by momentarily placmg the "activate/deactivate" 
momentary switch 175, which may be located on the combined switch/display box 163, 
in the activate position. This causes the electronic control circuit to latch DC ground to 
one side of the air brake control solenoid. The other side of the solenoid is electrically 
wired to the +12 DC side of the vehicle's electrical system. It may be noted that 
alternative embodiments may be adapted to other than a 12 volt system. 

4. Manual or other release of the brake may not be done, and the red indicator will continue 
to flash, if the vehicle's supply air pressure is less than a predetermined set point 
pressure. (See Low Pressure Detection, below). 

5. This latching energizes the solenoid and releases the brakes. This action is indicated by 
the controller turning off the red indicator hght and turning on a green indicator light 
173. This latching action releases the vehicle parking brakes for normal usage. 

6. As long as the solenoid remains latched, the brakes will remain in their normal operating 
state. This condition will remain this way until the controller is electronically or 
manually reset {de-energized) in one of the following manners: 

a. Manually placing the "activate/deactivate" switch into the "deactivate" position; 
in this case, deactivation takes place nearly instantly. This places +12 v on a 
controller connector input pm that instantly resets the control circuit and de- 
energizes the solenoid. This function is not over-ridden by the speedometer 
input function; it is active whether or not the vehicle is stopped or in motion. In 
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other words, the operator can manually apply the brakes whether or not the 
vehicle is in motion, giving the operator control in an emergency. 

b. If the low air pressure switch closes. 

c. If a door switch, that has its contacts normally open, closes (because the door is 
opened). This control input is only active when the vehicle is not in motion. 

d. Optionally, if any other stations to which a particular controller is operatively 
connected signal the controller that a condition exists that warrants application of 
the brakes. For example, such stations as a "PTO/aux." (power take 
ofCauxiliary) switch, a wheelchair lift switch, or other described elsewhere in 
this Description. 

Preferably, in the case of the above operations, the controller is designed so that the signals of 
any of these sensors/switches must remain non-interrupted for approximately 0.5 to 1.25 
seconds to validate their operation before the controller applies the brakes. Once the brakes are 
applied because of these signals, the brakes remain applied in the locked state until the 
potentially unsafe condition has been eliminated and the brakes are then released by the driver 
releasing the brakes with his/her manual control switch. If the potentially unsafe condition has 
not been eliminated, the driver, in an emergency, the driver may manually release the brake by 
using the manual brake-releasing override for a short period of time to move the vehicle to 
safety. 

More specifically, in the especially-preferred control system: 

LOW PRESSURE DETECTION 

The especially-preferred controller is set up to detect the opening of a normally closed 
pressure switch. This pressure switch, set to open when the air pressure falls below the pressure 
set point (typically approximately 35 pounds per square inch) is placed in series with the control 
system solenoid coil. Thus, it may be seen that preferably only the electronic controller and the 
pressure switch control the flow of electrical current to the solenoid. When the air pressure 
falls below approximately 35 psi, and this pressure switch opens, current is broken to the control 
solenoid and this action applies the air brakes in the locked position. The controller senses this 



22 



and responds by resetting all of its control latches such that the brakes can not be released until 
the air pressure is restored to over 35 psi. 

Likewise, the controller also senses whether or not this air pressure sensor is open or 
closed when the vehicle is first started. If the air pressure is below 35 psi on start up, the 
controller unit will not allow any type of brake release, including the operators manual release 
switch, until 35 psi air pressure exists. 

INITIAL POWER UP 

Specifically, upon appUcation of the vehicle DC power to the preferred controller, the 
following functions take place, regardless of the state of any of the sensor inputs to the 
controller. 

(1) Capacitors begin charging throughout the entire controller, two of which are specifically 
placed in series with Resistors to perform these two initial functions: 

(a) Power On Reset pulse to initiate the start up latches in their reset mode the solenoid latch 
circuit; 

(b) A pulse that sets the second latch to reinforce the cutoff state of the first latch. 

(2) As a result of the action of the two above noted pulses, the system is automatically forced 
into the "Brakes Locked" state. The only means of releasing it fi-om this state is with the 
operator manual brake-releasing override but that too is conditional to operating air pressure 
being above a set minimum value. The controller responds as follows: 

(a) If the air pressure is below 35 lb. per square inch, all air brake solenoid release 
fimctions are blocked by the control unit. Furthermore, when the air pressure is below 
this 35 psi, a set of contacts, wired in series with the power leads to the air brake 
solenoid, ^e in the open position, further preventing current flow in the solenoid. This 
state will remain in effect until such time as the air pressure has exceeded the 35 psi 
minimmn and has closed the pressure switch that is in series with the power lead going 
to the solenoid. 

The operator of the vehicle is alerted to this low pressure condition by the 
flashing state of the red tight emitting diode lamp located in the operator's switch and 
indicator housing. This indicator lamp remains in flashing mode, of approximately 4 
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Hertz and approximately a 50% on/off duty cycle, as long as the air pressure is less than 
35 psi. Once the air pressure is up to correct level, the lamp ceases to flash and switches 
to a steady ON state, notifying the operator that they can now release the air brakes. 

(b) If the air pressure is above the 35 psi minimum after initial power up of the 
controller, the red LED indicator lamp will initially turn on in the steady state, notifying 
the operator that working air pressure exists in the air brake system. The system will 
now permit release of the air brakes, but only by the operator release switch. When the 
operator depresses and releases his manual release switch, the two latches, that are used 
to initially place the brakes in the locked position on power up, are then set in the 
"brakes released mode", and power is supplied to the air brake control solenoid by a 
translator switch within the controller. 

In general, the air brake solenoid allows the brakes to be released only when power is 
applied to it. Any event that results in interruption of the current path to or from the solenoid 
will result in the brakes being locked. 

SENSORS OPERATIONS 

The especially-preferred controller makes use of two different types of sensor input 

lines. 

(1 ) Six input lines that are active when connected to vehicle negative ground side of its 
electrical system; 

(2) Two dedicated function (passenger door) sensors, one that is active when connected to the 
positive side of the electrical system, the other active when connected to the negative side of the 
vehicle electrical system. These two mputs are unique from the other six input lines in that, 
upon their release from their respective active sides, they cause the air brake to automatically 
release, whereas all the others require that the operator depress and release the manual release 
switch. 

The system is not limited to these six negatively active inputs or just the one positively 
active door input. An infinite number of additional lines of the same type may be connected to 
either or all of them, provided caution is exercised to prevent dead short current loops on 
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negative inputs and that one uses input codes on the positive door input to isolate the positive 
inputs form one another. 

SENSOR SIGNAL VALIDATION CIRCUIT 
5 To provide a measure of protection against false setting of the brakes caused by noise, a 

"loose" switch, a defective switch, and etc., a circuit has been included in the controller that 
requires that a sensor signal be present, without interruption, for between .5 seconds to 1,25 
second before it will recognize it a valid signal and latch the brakes. 

This delay time is common to all sensor inputs except the low pressure sensor, which is 
10 instantaneous and can only exist when the pressure switch has indeed opened from lack of 
pressure. 

^ VEHICLE MOTION DETECTION 

J The especially-preferred control system contains circuits that detect, amplify, and then 

15' vahdate signals electrical signals that are generated by various means when the vehicle is 
j4 moving. 

|:.^ Once the system has validated the input signal, a "over-ride" signal is generated by the 

l ^ motion detection circuits and is routed to the sensor validate circuit, which blocks any of the 

other sensor from applying and locking the brakes. Once this motion over-ride signal is present, 
2q^g the only means of over-riding its lock out of setting the brakes is the use of the operators manual 
!;;f release switch, or of course, the vehicle coming to a halt. 

There are two vaUdation circuits used in this section of the controller xmit. First, the 
signal must be present, uninterrupted, for approximately 1 to 2 seconds before it qualifies as a 
legitimate signal. This limits the possibility of the brakes being set by short duration noise 
25 picked up from the vehicle. 

In addition to this 1 to 2 seconds vahdation time, the signal must be of sufficient 
amplitude to cause the circuits non-inverting amplifier to rise above a trip point that is adjusted 
to be sUghtly above vehicle groimd potential. 

An example of an electrical signal that may be generated when the vehicle is moving is a 
30 magnetic pulse generator that may drive a vehicle's electrically operated speedometer. In such 
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an embodiment, the controller senses the output of the transmission pulse generator when the 
vehicle is in motion, without causing error in the vehicle speedometer. Preferably, this vehicle- 
motion monitoring system is designed to sense the rotational speed of the transmission output 
shaft, and any rotation greater than a desired value overrides the application of the brakes except 
5 when the brakes are apphed by the manual operator's "activate/deactivate" switch. The vehicle- 
motion monitoring system is preferably compatible with either non-grounded or grounded 
speedometer systems. An option for some vehicles is to provide a four- wire motion detection 
sensor, as opposed to a two-wire sensor, for the speedometer pickup circuitry. This four-wire 
option may assui'e greater accuracy of the speedometer and, therefore, the motion over-ride 
1 0 system of the invention. 

Other signals from the vehicle may be used for signaling the controller that the vehicle is 
in motion. For example, the controller may be adapted to respond to Hall Effect, optical, infra- 
O red, or other signals that are generated by and sent to the speedometer via a vehicle's primary 
^ J computer system. 

POWER SUPPLY AND INPUT LINE NOISE SUPPRESSION AND PROTECTION 
^ „ The input power to the unit from the vehicle +12 vdc electrical system is passed through 

1-^^^ both a common mode inductive/capacitive filter, as well as transient protection devices hmiting 
2(i5 the input voltage spikes to 1 8 volts maximum. 
\^ The controller logic section is somewhat electrically isolated from the power required to 

run the brake solenoid valve by the use of an isolation diode. This is fiirther supported by a 

number of various values of electrolytic capacitors connected between the +12v reference 

voltage and ground at strategic points in the circuits. 
25 The integrated circuit input lines from the off-board sensors have both diode and 

resistive protection in accordance to manufactures recommendations for them. This same 

protection scheme is also employed on the input lines from the operators manual control 

switches. 

Thus, the controller is designed to suppress and/or eliminate momentary voltage 
30 excursions, both within and exceeding the normal positive and negative limits of the primary 
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operating power source, that can cause damage and/or improper operation of any electronics 
circuits attached to the primary operating system. 

MANUAL CONTROL FUNCTIONS 

The manual control assembly contains two color coded push button switches and two 
correspondingly colored light omitting diodes (LEDs) which provide the operator a visual 
indication of what state the air brakes are in, preferably, green for released and red for locked. 

The two switches, when active, place +12v Ref (the working protected voltage for the 
controller, not raw vehicle +12v) on the inputs to the two latches that either release or lock the 
brakes. Both the release and the lock inputs have an 11ms vaUdation time to prevent short 
duration positive noise spikes from releasing the brakes. 

AUTOMATIC AUDIO DEVICE CUT-OFF 

The controller optionally provides logic and output Une to operate an exterior relay that 
may cut power to any sound-producing equipment whose power source is routed through it. 
This radio-cuttmg feature is restricted to the two different polarity door sensor input lines as this 
function is demanded only when the passenger entry-exit door is opened, for example, for 
listening for trains or traffic. 

The controller contains provision on the negative and the positive door sensor circuits to 
power both an external optional relay and a corresponding indicator LED. When this option is 
used, activation of this relay by either of these two sensor input lines will break operating power 
to any audio device that is connected through it to vehicle +12v. 

Physical Size 

The size of the solenoid, operator switch, and sohd-state controller preferably are each 
less than 10" x 5" x 5", and may be any size needed for a particular vehicle. Optionally, the 
controller may be made small enough, by microprocessor technology, to fit inside the operator 
switch. 



27 



AT^S roinpatihilitv 

The solid-state control system includes a two-way check valve between the air supply 
and the solenoid valve, for compliance with ABS requirements resulting from the use of a 
primary air source and a secondary air source. The check valve, or "shuttle valve," may be 
included in the invented control system, for replacement of the loading valve m vehicles in 
which the conventional air loading valve was designed in the past to include the check valve. 
For vehicles in which the check valve remains as apparatus separate from the conventional air 
loading valve, then removal of the loadmg valve and replacement by the invented control 
system does not require the control system to include a check valve. 

rnntrni TTnit rnrnections 

Connections to and from the confrol unit elecfronics assembly are preferably standard 
automotive connectors as designated by the vehicle manufacturer. Preferably, the control input 
lines are to be contained on one connector, while the other connector serves for the output lines 
to various LED lamps and for the +12 v DC and ground connections to power the electronics. 
Note that alternative embodunents may be adapted to other than 12 voh systems, or as 
customer-preferred. 

Provisions have been made on the "input" side connector for a source 12 v battery and 
ground, so if at sometime an input interface requires power, it will be available. These two 
connectors will be of different genders so as to provide protection from unintentional mix up 
during installation. 

Auxiliary Input and O utput Tines 

Optionally, the control system may be designed to accommodate as many additional 
inputs as is practical with regards to its impact on printed circuit size and cost. Alternative 
embodiments, especially micro-chip technology, may include many data ports, including 
parallel and serial ports. 

Auxihary input lines preferably will respond to inputs that are either switched to ground 
or to +12 V of the vehicle electrical system. Preferably, if some type of vehicle sensor is 
employed that does not provide switching to either ground or +12 v of the vehicle electrical 
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system, the conversion to this type switching will have to take place exterior to the designed 
control circuit, ie. via addition of a switch. 

Opftrating Vo ltage and Curretit Handlin?^ T, imitations 

Nominal operating voltage for the preferred system is 10.8 to 13.8 volts direct current. 
Preferably, the solenoid output leads are limited to dc current loads, ground sourced, of not less 
than 18 ohms continuous operation at a direct current voltage of not more than 13.8 volts. In 
the especially-preferred embodiment, the maximum allowable auxihary power connections are 
limited to not more than 0.5 amps at 13.8 amps with the brake solenoid energized. 

Transient Protection 

Transient and over- voltage protection of the circuit may be provided by the strategic 
placement of various chokes, transient suppresser diodes, filter capacitors, diodes and surge 
protectors, as would be found necessary and appropriate in view of accepted adequate design 
practices, once the disclosure of this Description if viewed by one of skill in the art. 

Rattery Connection P eversal Protection 

A 3 amp 200 v diode will be provided in series with the main +12 v battery connections 
to the unit. 

Tntemal and P.ytemal Fusing 

Operating instructions for the xmit will require the use of an external fuse of a maximum 
amperage rating of 2 amps at 32 volts DC. Internal to the unit, and coimected in series with the 
drain of the pass element transistor, shall be another fuse, rated at 3 amps at 32 volts D.C. 

Operating Temperature Range 

The desired operating temperature window of the brake control system is from 
approximately 32 degrees Fahrenheit to approximately 125 degrees Fahrenheit. 
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Schematics of Sniid-State Embodiment T.Qgic and W iring 

The logic and functions of one solid-state embodiment are portrayed in Figures 1 1 and 
12. The controller preferably has bumed-in memory so that, when the vehicle engine is off 
and, therefore, the ignition system does not provide power to the invented unit, battery power is 
not needed to maintain the memory in the controller and the control system does not drain the 
vehicle's battery. 

HYDRAULIC PARKING BRAKE EMBODIMENTS 

The embodiments adapting hydraulic brakes to be used as parking brakes may utiUze the 
same invented electronic controller as the air parking brake mechanism described above, 
wherein the electronic controller cooperates with management mechanisms as follows: 

A) an actuator operatively connected to the hydrauhc master cyhnder to cause the master 
cylinder to apply the brakes, as illustrated by Figures 16 and 17. The actuator may be a 
hve gas or liquid piston, spring, mechanical screw, electromagnetic or magnetic or other 
means for reliably actuating the master brake cylinder. The actuator may itself be 
powered, for example, by a pump, motor, or electricity. 

Alternatively, the electronic controller cooperates with: 

B) a pressure generator (which is separate from the master cylinder) and valves 
''inserted" between the master cylinder and the brake mechanism to create and manage 
pressure in the hydrauhc brake fluid hne, as illustrated by Figures 18 and 19. The 
"inserted" pressure generator is a hydrauhc brake fluid piston (designed like a hydrauhc 
brake master cylinder) that is actuated by hve gas or liquid piston, spring, mechanical 
screw, electromagnetic or magnetic or other means for reliably increasing the hydrauhc 
brake fluid pressure and apply the brakes. The pressure generator may itself be powered, 
for example, by a pump, motor, or electricity. 

Figure 16 illustrates an actuator of the type in (A) above, in a brakes-released mode. 
The actuator comprises a secondary actuator 300 operatively connected by secondary linkage 
302 to the conventional hydraulic master cyhnder 304 to cause the master cyluider to apply the 
brakes (not shown in Figure 16). The secondary actuator 300 depicted in Figure 16 may be a 
live gas or liquid piston, spring, mechanical screw, electromagnetic or magnetic or other means 
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for reliably actuating the master brake cylinder. The secondary hnkage 302 engages and powers 
a secondary piston rod 306, which is preferably a sleeve that encircles primary piston rod 308 
and moves independently of primary piston rod 308 to move the piston 310 of master cylinder 
304. Preferably, the secondary piston rod 306 coaxially surrounds the primary piston rod 308 so 
5 that the secondary piston rod is axially shdable relative to the primary piston rod. With this 

configuration, the brake pedal 312 may be used as normal to move the piston 310 during normal 
driving, while the invented combination of actuator 300, linkage 302, and secondary piston rod 
306 are controlled by the invented controller to automatically apply the brake. When the 
invented controller releases the brake, the secondary actuator 300 returns the secondary linkage 
10 302 to the position shown in Figure 16, allowing the inherent spring return in the master 

cyhnder 304 to force the piston 310 and secondary piston rod out to a brake-released position. 

Figure 17 illustrates another actuator of the type in (A) above in a brake-appUed mode. 
The secondary actuator in this embodiment is a spring 320 that biases the secondary linkage 302 
^3 to force the secondary piston rod 306 to move the piston 310 and apply the brakes. Li Figure 
15 ru 17, the spring consistently biases the secondary linkage 302 and, when the iirvented controller 
"1 signals for brake release, the brake release unit 322 counteracts the spring 320 so that the 
Ifl inherent spring return in the master cylinder 304 may force the piston 3 1 0 and secondary piston 
J, rod out to a brake-released position. 

f" " In addition, it should be noted that systems such as are shown in Figure 16 and 17 could 

20 f y also be adapted for use with vehicles with vacuum-assist. 

In Figure 18, a brake controller according to the invention includes a fluid management 
^3 mechanism that includes one of various pressure generator units positioned between the master 
cylinder and the brake at the wheel to estabhsh and maintain the pressure applied to the brake at 
the wheel. The controller according to the invention receives signals from the sensors around/in 
25 the vehicle and then signals the fluid management mechanism. The pressure generator is shown 
as a linear stroke electrical solenoid with hydrauhc reservoir and cylinder, but may be various 
pressure generators adapted to safely be inserted into the hydrauhc brake line, for example, a 
short stroke solenoid, a spring loaded hydraulic piston, or others. 

The controller in Figure 19 communicates with a solenoid valve, the linear stroke 
30 electrical solenoid, and, optionally, also with a brake switch at the pedal. The illustrated 
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communication with the brake switch is adapted to provide a manual brake-releasing override 
for an emergency over-ride of the controller, for example, if the controller or other feature of the 
system malfunctions and the operator must be able to release the brakes to get the vehicle to the 
side of the road. To over-ride the controller, the operator may press "slightly" or "partially" on 
5 the brake pedal, and the brake light switch will over-ride the controller. As long as the operator 
keeps his foot in that "partially depressed" position on the pedal, the controller will be over- 
ridden. This requires a positive action on the part of the operator, and one which requires 
careful attention by the operator, so that the vehicle may be pulled over to the side of the road 
out of traffic. The controller is adapted, however, that if the ignition switch is opened (in the 
10 vehicle "off position), the over-ride will not be possible. 

Fig. 19 illustrates another embodiment for a hydrauUc brake safety system according to 
the invention. Examples of solenoid valves that may be used as the pressure generator in 
embodiments for hydrauhc brakes may be those that create a pull force or push force substantial 
}3 enough for the fluid requirements of the system. For example, pressure generating solenoids 
15 III such as those offered by Synchro-Sturt Products, Inc. may be appropriate, such as model 1 502, 
r; 1502ES, 1504, the 1751 or 1753 series (including ES), 1756 or 1757 series (ES, ESDB), 2001 

or 2003 series, or the 2370 series. 
^ Figure 20 illustrates one of many embodiments of the invention that may be used with a 

l"^ mechanical brake system. For example, the invented controller may respond to signals from 
20 t:i various sensors/switches by signaUng management system 350 to apply the mechanical brake. 
fZ Specifically, the management system includes a device 350 that moves lever 352 to pivot at 

pivot point 354 to pull brake cable or mechanical Unkage 356 to apply the brake mechanism 360 
at the back wheels or the driveline. Altematively, the invented controller may be used with 
other mechanical or electric brake systems that cooperate either with the driveline or the two 
25 back wheel brakes. 

Thus, as may be seen from this description, the various stations in/around the vehicle 
may include moving or moveable equipment in/on the vehicle, monitors of operator or 
passenger position or movement, monitors of the condition of the vehicle operator, or other 
30 monitors. Various other embodiments may also be included, all of which preferably, but not 
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always, work from the basis of "when electricity is cut off (not "when electricity is supplied") 
in the various circuits of the controller, the controller apphes the brakes. 

Although this invention has been described above with reference to particular means, 
materials and embodiments, it is to be understood that the invention is not limited to these 
disclosed particulars, but extends instead to all equivalents within the scope of the following 
claims. 
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What is claimed is: 



CLAI MS 



1 , A safety system for use with a brake mechanism of a vehicle, the vehicle having a 

plurality of stations at which conditions are monitored by the safety system to determine 
whether vehicle movement should be permitted, the safety system comprising: 
a management mechanism adapted to apply the brake mechanism to inhibit vehicle 

movement; 

a plurality of sensors at stations in the vehicle and adapted to sense conditions at the 
stations; 

a solid-state controller operatively connected to the management mechanism and to the 
plurality of sensors, wherein the controller is adapted to receive signals from the plurality of 
sensors and, in response to signals from the plurahty of sensors indicating a condition that is 
unsafe for vehicle movement, to actuate the management mechanism to apply the brakes. 



2. The safety system as in Claim 1, wherein said plurality of sensors comprises a sensor 
adapted to sense equipment location at one of said stations. 

3. The safety system as in Claim 1, wherein said plurality of sensors comprises a sensor 
adapted to sense equipment movement at one of said stations. 



4. The safety system as in Claim 1, wherein said plurality of sensors comprises a sensor 
adapted to sense location of people at one of said stations. 

5. The safety system as in Claim 1, wherein said plurahty of sensors comprises a sensor 
adapted to sense movement of people at one of said stations. 

6. The safety system of Claim 1, wherein the vehicle has an ignition switch, and wherein 
the controller has a positive power input operatively connected to the ignition switch, so 
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that opening the ignition switch shuts off power to the controller, which causes the 
management mechanism to apply the brake mechanism. 

7. The safety system of Claim 1 , wherein the management mechanism comprises a vented 
solenoid valve adapted to block and vent an air line in an air brake, wherein the blocking 
and venting of said air line apphes the brake mechanism. 

8. The safety system of Claim 1, wherein the vehicle comprises a hydraulic master cylinder 
having a piston for increasing brake fluid pressure in a brake fluid line connected to a 
hydraulic brake mechanism, and a primary piston rod operated by a foot pedal in a 
driver's cab for powering the piston, wherein the management mechanism comprises a 
secondary piston rod in the master cylinder adapted to move the piston to increase 
hydraulic brake fluid in the brake fluid hne, and an actuator for powering the secondary 
piston rod. 

9. The safety system of Claim 8, wherein the secondary piston rod is a sleeve slidably 
extending around the primary piston rod, 

10. The safety system of Claim 1, wherein the vehicle comprises a hydraulic master cylinder 
having a piston for increasing brake fluid pressure in a brake fluid line connected to a 
hydraulic brake mechanism, and a primary piston rod operated by a foot pedal in a 
driver's cab for powering the piston, the management mechanism comprising; 

a secondary piston rod in the master cylinder adapted to move the piston to 
increase hydraulic brake fluid in the brake fluid line, and a spring biasing the secondary 
piston rod to apply the brake mechanism; and 

a release unit counteracting the spring to release the brake, the release unit being 
controlled by the controller. 

1 1 . The safety system of Claim 1, wherein the vehicle comprises a hydraulic master cylinder 
for increasing brake fluid pressure in a brake fluid line connected to a hydrauhc brake 
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mechanism, wherein the management mechanism comprises a pressure generator fluidly 
connected to the brake fluid hne between the hydraulic master cylinder and the brake 
mechanism and adapted to increase hydrauhc brake fluid in the brake fluid hne to apply 
the brake mechanism. 

12. The safety system of Claim 1, wherein the vehicle comprises a mechanical brake 
mechanism appUed by a mechanical hnkage between a brake handle and a brake 
mechanism, and wherein the management mechanism comprises a member for moving 
the mechanical linkage to apply the brake mechanism. 

13. The safety system of Claim 1 , wherein the vehicle comprises a mechanical brake 
mechanism applied by a cable between a brake handle and a brake mechanical, and 
wherein the management mechanism comprises a member for moving the cable to apply 
the brake mechanism. 

14. The safety system of Claim 1, wherein said plurality of sensors comprises a door switch 
that signals the controller if a door is not closed. 

1 5 . The safety system of Claim 1 , wherein said pluraUty of sensors comprise a wheelchair 
lift switch that signals the controller if a wheelchair lift is in use. 

16. The safety system of Claim 1, wherein said plurahty of sensors comprise engine 
diagnostic sensors. 

17. The safety system of Claim 1, wherein said plurality of sensors comprise vehicle 
diagnostic sensors, 

18. The safety system of Claim 1 , wherein said plurality of sensors comprise a sensor that 
signals the controller if a tire pressure is low. 
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19. The safety system of Claim 1, wherein said plurality of sensors comprise a sensor that 
signals the controller if engine oil pressure is low. 

20. The safety system of Claim 1, wherein one of said plurahty of sensors is an air pressure 
sensor adapted to sense the pressure of an air brake air supply. 

21. The safety system of Claim 1, wherein one of said sensors signals the controller if 
objects or people are close to the vehicle. 

22. The safety system of Claim 1, wherein one of said plxirality of sensors is a breath alcohol 
analyzer. 

23 . The safety system of Claim 1 , wherein one of said plurahty of sensors is an access-code 
key-pad. 

24. The safety system of Claim 1, further comprising an operator switch electrically 
connected to the controller and having a release position for directing the controller to 
release the brake mechanism if the sensors no longer signal any unsafe condition to the 
controller. 

25. The safety system of Claim 1, wherein one of said plurality of sensors is a vehicle 
motion sensor, and wherein the controller does not actuate the management mechanism 
to apply the brake mechanism if the vehicle motion sensor signals the controller that the 
vehicle is moving above a certain speed. 

26. The safety system of Claim 1, wherein the controller comprises a signal validation 
circuit that validates signals from the sensors for acceptance by the controller only if the 
signals arrive at the controller, uninterrupted, for at least 1 to 2 seconds. 
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27. A safety system for use with a brake mechanism of a vehicle, the safety system 
comprising: 

a management mechanism adapted to apply a brake mechanism to inhibit vehicle 
movement; 

a plurality of sensors located at a plurality of stations in the vehicle and adapted to sense 
conditions at the stations; 

a controller operatively connected to the management mechanism and to the plurality of 
sensors, wherein the controller is adapted to receive signals from the plurality of sensors and, in 
response to signals from the plurality of sensors indicating a condition that is unsafe for vehicle 
movement, to actuate the management mechanism to apply the brakes; 

the safety system fiirther comprising a vehicle motion override system comprising one 
of said plurality of sensors being a vehicle motion sensor, wherein the controller does not 
actuate the management mechanism to apply the brake mechanism if the vehicle motion sensor 
signals that controller that the vehicle is moving above a certain speed. 

28. The safety system of Claim 27, wherein the vehicle motion sensor is operatively 
connected to a speedometer pickup. 

29. The safety system of Claim 27, fiirther comprising a manual brake-releasing override 
adapted to release the brake mechanism when the management mechanism has applied 
the brake mechanism. 

30. The safety system of Claim 29, wherein the manual brake-releasing override comprises a 
valve spool of an air valve being accessible to a driver so that the driver pushes on the 
valve spool to allow air through the air valve to release the brake mechanism. 

31. A method of controlling brakes in a vehicle comprising: 

providing a plurality of sensors at locations on the vehicle, the sensors adapted to sense 
conditions the make vehicle movement unsafe; 
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providing a controller that responds, to signals from the pluraUty of sensors indicating an 
unsafe condition, by actuating a management mechanism that applies vehicle brakes; 

wherein the controller validates the signals from the plurality of sensors after the signals 
are uninterrupted for a certain amount of time and wherein the controller only actuates the 
management mechanism in response to validated signals. 

32. The method of controlling brakes of Claim 3 1 , further comprising sensing vehicle 
movement and wherein the controller only actuates the management mechanism if the 
vehicle is not in motion above a certain speed. 

33. The method of controUing brakes of Claim 3 1 , ftirther comprising providing an operator 
manual switch electrically connected to the controller, and the controller signaling the 
management mechanism to release the brakes when the sensors no longer indicate unsafe 
conditions and after an operator has switched the manual switch to a brake-release position. 

34. The method of controlling brakes of Claim 33, further comprising the operator switching 
the manual switch to a brake-apply position, and the controller actuating the management 
mechanism to apply the brakes. 

35. The method of controlling brakes of Claim 34, ftirther comprising sensing vehicle 
movement and wherein the controller only actuates the management mechanism if the vehicle is 
not in motion above a certain speed, except when the operator has switched the manual switch 
to a brake-apply position. 
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ABSTRACT 

1 The present invention is a safety-enhancing automatic brake control system that 

2 automatically applies and maintains the brakes in the appHed state, when one or more conditions 

3 exist at various stations around/in the vehicle or equipment that make vehicle movement 

4 dangerous. The preferred control system provides a controller electrically, electronically, or 

5 otherwise connected to various sensors at the vehicle stations. When a sensor signals an unsafe 

6 condition to the controller, the controller vaUdates the signal and then actuates a mechanism that 

7 manages the air, brake fluid, or mechanical brake linkage/cable that applies the brakes. In an air 

8 brake system, the management mechanism is a solenoid valve cutting off the air supply and 

9 venting the air line to release a piston that normally counteracts a spring mechanism, so that the 

10 spring mechanism may apply the brakes. In the preferred hydrauUc brake system, the 

1 1 management mechanism comprises a piston or spring, for example, that powers a secondary 

12 £3 piston rod and piston in a master cylinder to apply the brakes. In the case of a spring-actuated 

13 ^ 4 system, a release unit such as a piston may be used to counteract the spring for releasing the 
14 ' 2 brakes. The station sensors may include the vehicle ignition, one or more vehicle doors, a 

15 y wheelchair lift, a dump truck bed, a backhoe arm, a crane boom, outrigger, a tire pressure 

16 is, sensor, an air pressure sensor, an engine oil pressure sensor, an emissions sensor, an alcohol 

17 1 ^ analyzer, a motion detector, a sensor of people or objects in the vicinity of the vehicle, or other 

181^- sensors in, around, or near a vehicle. In use, if the driver does not manually set the parking 

19 ffi brake whenever there is a condition about to take place that makes vehicle movement 

20 \i potentially dangerous, the invented control system automatically sets a brake as soon as the 

21 condition is sensed and vaUdated by the invented controller. The control system preferably 

22 includes a vehicle motion override system that prevents automatic application of the brakes if 

23 the vehicle is in motion above a set speed, and a manual brake-releasing override that allows a 

24 driver to override the controller temporarily at the driver's discretion. 

25 

26 (2779,Patent Application CIP of CIP final) 
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